Summary This study examined the association between 1 7p allelic loss, p53 gene mutation, p53 protein expression and DNA aneuploidy in a series of adenocarcinomas arising in the oesophagus and gastric cardia. 1 7p allelic loss was detected in 79% (15 of 19) of oesophageal and in 83% (29 of 35) of gastric adenocarcinomas. p53 mutations were detected in 70% (14 of 20) and 63% (26 of 41) of oesophageal and of gastric adenocarcinomas respectively. Both tumour types were associated with a predominance of base transitions at CpG dinucleotides. In five cases of oesophageal adenocarcinoma, the same mutation was detected both in tumour and in adjacent dysplastic Barrett's epithelium. Diffuse p53 protein expression was detected in 65% (13 of 20) and 59% (24 of 41) of oesophageal and of gastric tumours, respectively, and was associated with the presence of p53 missense mutation (Chi-squared, P < 0.0001). DNA aneuploidy was detected in 80% (16 of 20) of oesophageal and in 70% (28 of 40) of gastric tumours. No association was found between p53 or DNA content abnormalities and tumour stage or histological subtype. In conclusion, this study detected a similar pattern of p53 alterations in adenocarcinoma of the oesophagus and gastric cardia -molecular data consistent with the observation that these tumours demonstrate similar clinical and epidemiological features.
In recent years, the incidence rates of adenocarcinoma of the oesophagus and gastric cardia have increased steadily, while there has been a decrease in the proportion of tumours arising in the distal stomach (Powell and McConkey, 1990; Blot et al, 1991) . Gastric adenocarcinomas represent a heterogeneous group of tumours. Adenocarcinomas arising in the proximal stomach (gastric cardia) were reported to demonstrate biological and epidemiological features distinct from those arising in the distal stomach (gastric antrum) (Sidoni et al, 1989; Blot et al, 1991) . Conversely, adenocarcinoma of the gastric cardia was reported to demonstrate clinicopathological features similar to those of oesophageal adenocarcinoma (Kalish et al, 1984; Wang et al, 1986) . These data suggest that tumours arising in different anatomical sites in the stomach are associated with distinct aetiologies, while adenocarcinomas arising in the oesophagus and gastric cardia may share similar aetiologies.
The specific aetiological factors underlying the increasing incidence of adenocarcinoma of the oesophagus and gastric cardia remain unresolved. Barrett's oesophagus, a condition in which the squamous epithelium normally lining the lower oesophagus is replaced by a metaplastic columnar epithelium, represents one known risk factor for oesophageal adenocarcinoma. This condition arises in 10-12% of patients with chronic gastro-oesophageal reflux (Winters et al, 1987) . The estimated risk of a patient with Barrett's oesophagus developing adenocarcinoma is 30 to 40 times higher than in the general population (Spechler et al, 1984) . Tumour development in these patients is proposed to occur via a series of dysplastic cell changes, recognized histologically as a metaplasia-dysplasia-carcinoma sequence (Thompson et al, 1983) .
The p53 gene, localized to chromosome 17pl3 (McBride et al, 1986) , encodes a 53-kDa nuclear phosphoprotein that functions in a signal transduction pathway, causing an arrest of cells in the G, phase of the cell cycle in response to DNA damage (Kastan et al, 1991) . Allelic loss on chromosome 17p and p53 gene mutations are among the most common genetic abnormalities documented in human cancers (Greenblatt et al, 1994) . The majority of p53 mutations have been reported to occur in exons 5-8, corresponding to the evolutionarily conserved domains of the protein (Soussi et al, 1990; Greenblatt et al, 1994) . Mutations in these domains were found to be associated with loss of wild-type p53 function, including growth suppression (Martinez et al, 1991) . Inactivation of p53 was reported to be associated with the development of genomic instability and DNA aneuploidy (Livingstone et al, 1992; Yin et al, 1992; Carder et al, 1993). p53 and DNA content abnormalities have been implicated in the development of both oesophageal and gastric adenocarcinoma (Reid et al, 1987; Yonemura et al, 1992; Blount et al, 1993; Renault et al, 1993; Hamelin et al, 1994) . However, molecular studies in which gastric tumours were analysed with respect to anatomical site of origin (cardia vs antrum) have reported a number of sitespecific differences. Significantly higher levels of p53 protein expression and DNA aneuploidy (Johnson et al, 1993; Flejou et al, 1994) have been reported in gastric cardia tumours compared with tumours arising in the gastric antrum. These molecular data are consistent with the observation that proximal and distal gastric tumours display distinct epidemiological features (Blot et al, 1991) . Conversely, adenocarcinoma of the oesophagus and gastric cardia demonstrate similar clinical and epidemiological features (Wang et al, 1986; Blot et al, 1991) . The aim of the present study was, firstly, to document the pattern of p53
and DNA content abnormalities in a homogenous series of adenocarcinomas arising in the gastric cardia and to compare the pattern with that detected in a series of oesophageal adenocarcinomas. Secondly, a number of studies have implicated p53 inactivation in adenocarcinoma and from 41 patients with adenocarcinoma of the the malignant transformation of Barrett's oesophagus (Hamelin et gastric cardia. Barrett's-associated adenocarcinomas were categoal, 1994; Neshat et al, 1994; Gleeson et al, 1995 
; F (1965) . Tumour stage was assessed using the American Joint Committee on Cancer (A.J.C.C.) and the International Union against Cancer (U.I.C.C.) criteria for pathological staging (Hermanek and Sobin, 1987; Beahrs et al, 1988) . Cryostat sectioning was carried out to select tumour-rich tissue for analysis, and microdissection was used to isolate all preneoplastic lesions. DNA was extracted from matched normal and tumour tissue samples as described previously (Gleeson et al, 1995) .
Allelic loss analysis
To detect 17p allelic loss in the tumour tissue, two dinucleotide repeat polymorphisms, D17S513 and D17S796, mapping to 17pl3 were analysed (Oliphant et al, 1990; Gyapay et al, 1994) . Polymerase chain reaction (PCR) amplification and microsatellite analysis were carried out as described previously (Gleeson et al, 1995) . LOH was scored by direct visual comparison of the relative allelic ratios present in matched normal and tumour DNAs. Allele loss was scored if one allele was absent or exhibited altered signal intensity in tumour DNA relative to the allelic ratio of normal DNA.
Mutational analysis of p53, exons 5-8 For PCR amplification of p53, exons 5-8, primers homologous to sequences in the adjacent introns were used (Hsu et al, 1991, (Promega) . There was an initial denaturation step at 940C for 5 min, followed by 35 cycles of 1 min at 94°C, 1 min at 56°C (62°C for exon 6) and 30 s at 72°C, with a final extension step of 72°C for 5 min. A number of p53 mutations (n = 19) were initially identified by direct DNA sequencing on a subgroup of 35 tumours. Sequence analysis was carried out as described previously (Gleeson et al, 1995) . These 19 control mutations were analysed to select optimal gel conditions for mutation detection by non-isotopic single-strand conformational polymorphism (SSCP). For each exon, one set of gel conditions was identified that detected all known sequence variants in that exon. All exons were analysed on 1-mm-thick 8% polyacrylamide gels with 2.6% cross-linking. The optimal conditions selected were 4°C without glycerol (exon 6), 240C without glycerol (exon 5) and 240C with 5% glycerol (exons 7 and 8). Flow cytometry Paraffin sections (50 ,um) were processed for flow cytometry using a modification of the method described by Hedley et al (1983) . Nuclear suspensions were stained with propidium iodide solution [propidium iodide (3 mg per 100 ml of phosphate-buffered saline) containing 10 mg of Ribonuclease A and 0.5 ml of 0.5% Triton X-100] at 4°C for 30 min. Samples were analysed on a Coulter Epics
Elite Flow Cytometer equipped with a 15-mW Argon laser, excitation beam 488 nm. The DNA histogram upon which analysis was performed in each case was gated on Forward Angle Light Scatter (FALS) to minimize doublets and clumps, but included a proportion of debris. The histograms were analysed using Multicycle Software (Phoenix Flow Systems). This analysis allowed debris and sliced nuclei to be accounted for and to be subtracted from the histograms. Histograms that showed a single GOG, peak with a corresponding G2 + M peak were classified as DNA diploid. Diploid histograms were only accepted if the coefficient of variation (CV) at half the peak height was less than 10%. DNA aneuploidy was defined as the presence of an additional GOG, peak that contained > 10% of the total cell population. The DNA index, defined as the modal DNA content of the aneuploid cell population divided by the modal DNA content of the diploid cell population, was calculated for each aneuploid histogram.
RESULTS
The mean age at diagnosis with oesophageal adenocarcinoma was 61 years (range 31-75 years), and the patient group demonstrated a male-female ratio of 17:3. (Table 3) . Allelic loss on chromosome 17p was investigated using two highly informative dinucleotide repeat polymorphisms mapping to British Journal of Cancer (1998) (Table 2) . Allelic loss was detected in 83% (29 of 35) of informative cases of gastric adenocarcinoma (Table 3) . With the exception of case no. 94, allele loss scores were concordant in all cases for which both loci were informative.
Representative examples of allelic loss at the D17S796 microsatellite are shown in Figure 1 .
Mutational analysis of p53, exons 5-8, resulted in the detection of mutations in 70% (14 of 20) of oesophageal adenocarcinomas (Table 2) , eleven of which have been documented previously (Gleeson et al, 1995) . These included 12 missense mutations, one non-sense mutation and one frameshift mutation, the last being a 2-bp deletion in exon 6. Eighty-five per cent (11 of 13) of the single-base substitutions were G:C to A:T base transitions, with 69% (9 of 13) occurring at CpG dinucleotides. The remaining two single-base changes were G:C to T:A base transversions.
Mutations were detected in 63% (26 of 41) of gastric adenocarcinomas (Table 3) . These included 19 missense mutations, three non-sense mutations, three splice site mutations and one deletion. Of the 22 single-base substitutions in coding sequence, 82% (18 of 22) were base transitions (17 G:C to A:T, one A:T to G:C), with 55% (12 of 22) occurring at CpG dinucleotides. The remaining four single-base substitutions were base transversions (two G:C to T:A, one A:T to T:A, one A:T to C:G). A graphical representation of the mutational profiles detected in oesophageal and gastric adenocarcinoma is shown in Figure 2 . Premalignant Barrett's epithelium adjacent to oesophageal adenocarcinoma was available for analysis in six cases (nos. 22, 29, 76, 108, 124 and 125) . Sequence analysis did not detect a mutation in case no. 125. In the remaining five cases, the same p53 mutation was detected both in high-grade dysplasia and in adjacent tumour tissue. In case no. 29, the same mutation was also detected in low-grade dysplasia but not in Barrett's intestinal metaplasia (Figure 3) . In case no. 108, low-grade dysplasia and Barrett's intestinal metaplasia, negative for dysplasia, were not found to contain the p53 mutation detected in the adjacent highgrade dysplasia and tumour (Table 2) .
Overall, 33 tumours with 17p allelic loss were found to contain a p53 mutation. A further 11 cases exhibited 17p allelic loss, however mutations were not detected in exons 5-8 of the p53 gene. p53 mutations were detected in three cases with retention of heterozygosity on 17p and in four non-informative cases. Mutations were not detected in seven cases that retained heterozygosity on 17p nor in three non-informative cases. Statistical analysis revealed an association between 17p allelic loss and p53 gene mutation (Table 4 , Fisher exact test, P = 0.02).
p53 protein expression was assessed using the D07 antiserum, and representative examples of the p53 immunostaining patterns observed are shown in Figure 4 . Weak cytoplasmic staining was detected in focal cells in the basal layers of adjacent gastric mucosa, squamous epithelium of the oesophagus and nondysplastic Barrett's epithelium. This staining was readily distinguished from the specific p53 nuclear immunostaining detected in dysplastic epithelium and carcinoma. Omission of the primary antiserum resulted in complete abolition of nuclear immunostaining. Diffuse p53 protein expression was detected in 65% (13 of 20) of oesophageal adenocarcinomas and in 59% (24 of 41) of gastric adenocarcinomas. A further 21 cases exhibited focal staining or negative p53 immunoreactivity. The remaining three cases demonstrated immunoreactivity in 10-50% of tumour cells. The staining pattern in these cases was not easily classified as either diffuse ( Figure 4B ) or focal ( Figure 4A ). The significance of p53 immunoreactivity in these cases is uncertain, and they were excluded from subsequent statistical analyses. There was a significant association between diffuse p53 protein expression and p53 gene mutation (Table 5 ; Chi-squared, P = 0.003). In particular, all British Journal of Cancer (1998) 77(2), [277] [278] [279] [280] [281] [282] [283] [284] [285] [286] . Cancer Research Campaign 1998
Comparison of gastric and oesophageal adenocarcinoma 283 31 missense mutations exhibited diffuse p53 protein expression, while nine non-sense or truncating mutations were immunonegative. Statistical analysis revealed a highly significant association between diffuse p53 protein expression and p53 missense mutation in these tumours (Table 6 ; Chi-squared, P < 0.0001).
There were six cases with premalignant Barrett's epithelium adjacent to carcinoma, and in all cases the immunostaining pattern in the dysplastic Barrett's epithelium was concordant with that detected in the tumour tissue. Two cases (no. 108 and no. 125) showed no immunostaining in either Barrett's epithelium or in adjacent carcinoma. In the remaining four cases (nos. 22, 29, 76 and 124) diffuse p53 expression was detected in both premalignant and malignant lesions; in each of these cases, sequence analysis confirmed the presence of a missense mutation in both dysplastic and invasive lesions ( Table 2 ). Figure 4C shows an example of diffuse p53 protein expression detected in dysplastic Barrett's epithelium and in adjacent carcinoma.
DNA aneuploidy was detected in 80% (16 of 20) of oesophageal tumours (Table 2 ) and in 70% (28 of 40) of gastric tumours (Table  3 ). Figure 5 shows representative examples of diploid and aneuploid flow cytometric profiles. Allelic loss on 17p was associated with the occurrence of DNA aneuploidy (Fisher exact test, P = 0.02). There was no association between DNA aneuploidy and p53 gene mutation or p53 protein expression.
There was no significant association between p53 gene abnormalities or DNA content abnormalities and tumour stage or histological subtype in either oesophageal or gastric adenocarcinoma.
DISCUSSION
The present study investigated the association between 17p allelic loss, p53 gene mutation and p53 protein expression in a series of adenocarcinomas arising in the oesophagus and gastric cardia. The association between p53 gene abnormalities and DNA content in these tumours was also assessed.
Uniformly high levels of 17p allelic loss, p53 gene mutation, p53 protein expression and DNA aneuploidy were detected in both adenocarcinoma of the oesophagus and gastric cardia. Similarly, previous studies have documented 17p allelic loss in 69-100% of oesophageal adenocarcinomas (Blount et al, 1991 (Blount et al, , 1993 Huang et al, 1992) . p53 gene mutations were reported in 55% (6 of 11) and 88% (15 of 17) of oesophageal adenocarcinomas (Hamelin et al, 1994; Neshat et al, 1994) , while p53 protein expression was detected in 53-87% of cases (Flejou et al, 1993; Hamelin et al, 1994; Hardwick et al, 1994) . The presence of aneuploidy in Barrett's oesophagus was reported to occur with increasing frequency during the histological progression from metaplasia to dysplasia and carcinoma (Reid et al, 1987; Haggitt et al, 1988) . Studies have consistently documented high levels of DNA aneuploidy in oesophageal adenocarcinoma, typically ranging from 80% to 100% of cases (Reid et al, 1987; Nakamura et al, 1994) .
A number of studies have reported a close association between p53 overexpression in adenocarcinoma and in adjacent highly dysplastic Barrett's epithelium (Flejou et al, 1993; Hardwick et al, 1994) . Consistent with these observations, the present study identified five cases in which the same p53 gene mutation was present in high-grade dysplasia and in adjacent carcinoma, suggesting that p53 mutation preceded the development of invasive carcinoma in these patients. Furthermore, in one of these cases (no. 29), the same p53 gene mutation was also detected in coexisting low-grade dysplasia, but not in adjacent non-dysplastic Barrett's epithelium. The detection of identical p53 mutations in high-grade dysplasia and adjacent adenocarcinoma has been reported in two independent studies (Hamelin et al, 1994; Neshat et al, 1994) . One study did not detect mutations in areas of low-grade dysplasia (n = 3) and non-dysplastic Barrett's epithelium (n = 6) adjacent to carcinoma (Hamelin et al, 1994) . Similarly, in the present study, there was one case (no. 108) in which the p53 mutation detected in highgrade dysplasia and tumour was not detected in adjacent low-grade dysplasia and non-dysplastic Barrett's epithelium. Therefore, to date, p53 protein expression and p53 gene mutation have been detected more frequently in high-grade dysplasia than in lowgrade dysplasia, suggesting that p53 gene mutation may be associated with increasing severity of dysplasia.
Between 37.5% and 68% of gastric adenocarcinomas have been reported to demonstrate 17p allelic loss (Sano et al, 1991; Seruca et al, 1992; Ranzani et al, 1993) . These values are lower than the value of 83% noted in the present series of adenocarcinomas arising in the gastric cardia. It is possible that site-specific differences (cardia vs antrum) may account for this higher frequency of allelic loss. Studies have reported p53 mutations in 35-58% of gastric carcinomas (Renault et Hongyo et al, 1995) , and p53 protein expression has been detected in 46-61% of tumours (Martin et al, 1992; Hongyo et al, 1995) . DNA aneuploidy has been reported in 40-50% of tumours (Yonemura et al, 1992; Brito et al, 1993) . However, studies in which tumours were analysed with respect to anatomical site of origin have reported a number of site-specific differences. A significantly higher level of p53 expression was observed in gastric cardia tumours (56%, 20 of 36) compared with tumours arising in the antrum (27%, 8 of 30) . Furthermore, a higher frequency of DNA aneuploidy was detected in adenocarcinomas arising in the gastric cardia (Johnson et al, 1993; Flejou et al, 1994) . For example, one study reported aneuploidy in 76% (25 of 33) of adenocarcinomas arising in the gastric cardia, compared with 30% (8 of 27) of adenocarcinomas arising in the gastric antrum . These molecular data are consistent with reports that proximal and distal gastric tumours display distinct clinical and epidemiological features. In general, carcinomas of the gastric cardia have a poorer prognosis than those of the gastric body, and their relative incidence appears to be increasing (Sidoni et al, 1989; Blot et al, 1991) . Conversely, adenocarcinoma of the oesophagus and gastric cardia have been reported to demonstrate similar clinicopathological parameters. Both tumour types have demonstrated a parallel increase in incidence rates (Blot et al, 1991) . These tumours have been consistently associated with a lower mean age, higher male-female ratio and greater frequency of hiatal hernia than distal gastric tumours (Kalish et al, 1984; Wang et al, 1986) . The observation in this study of similar frequencies of p53 gene abnormalities and DNA aneuploidy in these tumour types is consistent with the hypothesis that they share a common aetiology.
The occurrence of p53 mutations early in the development of oesophageal and gastric adenocarcinoma (Shiao et al, 1994) suggests that the gene plays a central role in the control of normal cell division at these sites. The oesophagus and stomach are easily accessible and are likely to be exposed to many environmental insults. p53-dependent pathways may play a vital role in preserving molecular integrity by allowing damaged cells to undergo repair or apoptosis. Cells that have acquired a p53 mutation may have a selective advantage, being able to proliferate under conditions of DNA damage that would be inhibitory in cells with wild-type p53. These actively proliferating cells may be the precursors of neoplastic clones.
The detection of frequent mutations in a defined sequence has been identified as a feature of mutational specificity (Thilly, 1990) . It has been proposed that the comparison of p53 mutation spectra in tumours of different origin may reveal similarities or differences concerning the endogenous and exogenous molecular processes contributing to tumour development (Greenblatt et al, 1994) . The observation of similar p53 mutation spectra in adenocarcinoma of the oesophagus and gastric cardia further suggests similarities in the aetiologies of these cancers. Both tumour groups demonstrated a predominance of base transitions at CpG dinucleotides and a low frequency of base transversions. G:C to A:T base transitions at CpG dinucleotides are thought to result from spontaneous deamination of 5'-methylcytosine, resulting in C to T replacements (Coulondre et al, 1978) . Other studies have reported a predominance of base transitions at CpG dinucleotides in Barrett's-associated adenocarcinoma (Hamelin et al, 1994; Neshat et al, 1994) . Furthermore, this spectrum ofp53 mutations is similar to that previously described for both colorectal cancer (Baker et al, 1990 ) and gastric cancer Uchino et al, 1993) .
It has been reported that base transitions at CpG dinucleotides account for 62.5% (20 of 32) and 67% (8 of 12) of single-base substitutions in colorectal and gastric carcinoma respectively (Baker et al, 1990; Renault et al, 1993) . Conversely, although a study by Hongyo et al (1995) , in a high incidence area of gastric cancer in Italy, detected G:C to A:T transitions in 93% (26 of 28) of cases with single-base substitutions, only 18% (5 of 28) occurred at CpG dinucleotides. The different mutation spectrum in the study of Hongyo et al (1995) may reflect site-specific differences (cardia vs antrum) or regional exposure to particular environmental agents.
It is generally accepted that the majority of missense mutations generate a mutant protein with increased protein stability, thereby facilitating detection by immunohistochemical techniques (Cripps et al, 1994) . Consistent with this, a highly significant association was observed between missense mutation of the p53 gene and diffuse p53 protein expression in both oesophageal and gastric adenocarcinoma, with all 31 cases with missense mutations exhibiting diffuse protein expression. A previous study of oesophageal adenocarcinoma also reported a close correlation between missense mutation and p53 protein expression (100% agreement, 10 of 10) (Hamelin et al, 1994) .
In the present study, there were six cases with diffuse p53 protein expression that were not found to contain a mutation in exons 5-8 of the p53 gene. There are a number of possibilities that may account for the apparent discordance in these samples. Firstly, mutations may have been missed by the screening techniques used in the present study. Secondly, missense mutations may lie in regions of the gene not screened in the present study. A review of 50 studies that carried out sequencing of the entire coding region of the p53 gene reported that 13% of mutations, up to 30% of which were missense mutations, were located outside exons 5-8 (Greenblatt et al, 1994) . A third possibility is that mechanisms other than mutation resulted in the inactivation and stabilization of p53 protein. Binding to viral oncoproteins, e.g. the adenovirus E1B 55-kb protein, and cellular oncoproteins, e.g. mdm2, has been shown to result in p53 stabilization and in the inactivation of wild-type p53 function (Yew and Berk, 1992; Wu et al, 1993) . In these instances, p53 overexpression represents the functional, but not the structural, inactivation of the p53 gene. In this respect, it was suggested that 'false positives' may not be misleading in the biological sense if the stabilization of p53 occurs via a mechanism that also abolishes its function (Wynford- Thomas, 1992 (Hamelin et al, 1994) and 27% of mutations in gastric adenocarcinoma Uchino et al, 1993) . In these cases, immunohistochemical assessment of p53 protein expression as a sole indicator of the presence of p53 gene mutation would result in an underestimation of mutation frequency (false negatives). The observation of apparent discordance between molecular and immunohistochemical analysis of p53 gene mutation indicates that such techniques should be regarded as complementary. The acquisition of chromosomal rearrangements following the loss of p53 function has been observed in a number of in vitro systems (Livingstone et al, 1992; Yin et al, 1992) . This suggests a potential association between p53 gene abnormalities and the development of genetic instability (Livingstone et al, 1992) . Evidence to support this hypothesis was provided by studies on colorectal carcinoma in which DNA aneuploidy was shown to be associated with 17p allelic loss (Offerhaus et al, 1992) and increased p53 protein expression (Carder et al, 1993) . Furthermore, Carder et al (1993) reported that the mean DNA index in aneuploid tumours with stabilized p53 protein was significantly higher than that in those aneuploid cases without stabilized protein. In this study, statistical analysis demonstrated evidence of an association between the presence of 17p allelic loss and DNA aneuploidy (Fisher exact test, P = 0.02). However, the presence of p53 gene mutation or p53 protein expression was not found to be significantly associated with the occurrence of DNA aneuploidy in oesophageal and gastric adenocarcinoma. Furthermore, the mean DNA index in aneuploid tumours with a p53 mutation was not significantly higher than that in aneuploid cases without a p53 gene mutation. It is uncertain to what extent the association between 17p allelic loss and abnormal DNA content reflects the involvement of p53 inactivation in the development or establishment of aneuploid cell populations.
For both the oesophageal and gastric tumour series studied, neither 17p allelic loss, p53 gene mutation, p53 protein expression nor DNA aneuploidy exhibited an association with either tumour stage or histological subtype. This may reflect, in part, the predominantly advanced stage of tumours in the present series. Similarly, other studies on gastric adenocarcinoma have reported no association between DNA ploidy and depth of tumour invasion or lymph node metastasis (Yonemura et al, 1992; Brito et al, 1993) . Studies have reported an equal prevalence of p53 mutations in early-and late-stage gastric carcinoma (Uchino et al, 1993; Hongyo et al, 1995) , and one study has reported the detection of the same p53 mutation in both tumour and adjacent dysplastic epithelium in five cases of gastric adenocarcinoma (Shiao et al, 1994) . In oesophageal adenocarcinoma, no association has been reported between p53 protein expression and tumour differentiation grade, tumour stage (Flejou et al, 1993; Krishnadath et al, 1995) or lymph node status (Flejou et al, 1993) . Allelic loss on 17p, p53 gene mutation and p53 protein expression have been documented in dysplastic Barrett's epithelium (Flejou et al, 1993; Blount et al, 1994; Hardwick et al, 1994) and in both early and advanced adenocarcinomas (Blount et al, 1991; Flejou et al, 1993; Hamelin et al, 1994) . These data suggest that p53 gene abnormalities may occur early in the development of oesophageal adenocarcinoma. The value of p53 as an intermediate biomarker in the identification of patients at increased risk of malignant transformation in Barrett's oesophagus awaits the outcome of prospective follow-up studies.
In conclusion, the present study demonstrated uniformly high levels of p53 gene abnormalities and DNA aneuploidy in adenocarcinoma of the oesophagus and gastric cardia. Both oesophageal and gastric tumours exhibited similar p53 mutation profiles, with both tumour types being associated with a high frequency of base transitions at CpG dinucleotides. The detection of similar molecular alterations in adenocarcinoma of the oesophagus and gastric cardia is consistent with the observation that these tumours also exhibit similar clinical and epidemiological features. There was a highly significant association between p53 missense mutation and the presence of diffuse p53 protein expression in these tumours, supporting the rationale for using immunohistochemical methods as an indicator of missense mutation. However, truncating mutations, which may account for a significant proportion of p53 mutations in oesophageal and gastric tumours, can not be detected by immunohistochemical techniques. Allelic loss on 17p, p53 gene mutation and p53 protein expression were each detected in premalignant Barrett's epithelium. Future prospective studies should determine the clinical relevance of p53 gene alterations as an independent marker of Barrett's patients at an increased risk of neoplastic transformation.
ABBREVIATIONS LOH, loss of heterozygosity; PCR, polymerase chain reaction; SSCP, single-strand conformational polymorphism
